INTRODUCTION
Murine erythroleukaemia (MEL) cells are virus-transformed erythroid precursors that differentiate in response to many stimuli [1] . In this process, the cells undergo an irreversible commitment to terminal differentiation, which is followed by loss of proliferative capacity, decrease in cell volume, chromatin condensation, synthesis and accumulation of globin mRNA, production of globin protein, increase in iron uptake, increase in haem synthesis and appearance of erythroid membrane antigens [2] [3] [4] [5] [6] [7] . These processes are stimulated by various chemicals and proteases [2, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Polyamines are ubiquitous polycations whose intracellular concentrations regulate cellular growth and differentiation and are regulated by a system of uptake, efflux, synthesis and catabolism [18, 19] . There is contradictory evidence concerning their role in MEL cell differentiation. One important point is that compounds structurally related to polyamines, such as canavalmine [20] and the acetylated diamines hexamethylenebisacetamide (HMBA) [1, 17] and diacetylputrescine [21] , stimulate MEL cell differentiation. Other observations that support an essential function for polyamines in MEL cell differentiation include a transitory stimulation of ornithine decarboxylase activity (an important polyamine biosynthetic enzyme) early in the differentiation process, obligatory changes in intracellular polyamine concentration that accompany differentiation, and a requirement for spermidine after induction of differentiation by a variety of agents [22] [23] [24] [25] [26] [27] . However, other investigators have found that the stimulation of ornithine decarboxylase activity depends on experimental conditions, and is not required for differentiation [28, 29] . Furthermore, pharmacological inhibition of polyamine biosynthesis can either constrain or stimulate MEL cell differentiation [22, 25, 28, 30, 31] . Therefore it is unclear whether specific alterations in polyamine metabolism and/or intracellular polyamine concentrations are necessary for terminal differentiation in MEL cells. As a first step towards understanding the functions of polyamines in MEL cell differentiation, we examined the effect of spermine, a physiological product of polyamine biosynthesis, on the expression of the differentiated phenotype by MEL cells. We observed that spermine induces bisacetamide (HMBA), a well known differentiating agent, also induces haemoglobin production, but causes a G1 block and decreases cell volume. These findings indicate that HMBA and spermine affect MEL cells differently, even though both induce haemoglobin production.
haemoglobin synthesis in MEL cells. However, the effects of spermine and the differentiating agent HMBA on cell growth, cell-cycle progression and cell volume differed. [32] . Briefly, MEL cells were grown for 5 days at 41°C in an atmosphere of 5 % CO2. Cells were assayed for the presence ofmycoplasma by staining with Hoechst 33258 [33] , measurement of uridine/uracil uptake [34] and fluorescent antibody [35] . All experiments were performed on mycoplasma-free cells, although mycoplasmas infection did not affect the results (results not shown).
EXPERIMENTAL
MEL cells were maintained in continuous exponential growth in Eagle's modified minimum essential medium supplemented with 10 % fetal calf serum at 37°C in an atmosphere of 5 Haemoglobin synthesis MEL cells were stained for haemoglobin content by the tetramethylbenzidine reaction in acetic acid [37] . We report the percentage of blue-stained cells out of at least 100 counted under a microscope.
Cell-cycle analysis
Cell-cycle distribution was determined using specimens that were fixed in ethanol, treated with 100 ,cg/ml RNAse and stained with 50 ,ug/ml propidium iodide. We used a Becton Dickinson (Mountain View, CA, U.S.A.) Facscan flow cytometer equipped with a doublet discriminator as previously described [38] . We used the polynomial fit method [39] [40] . Analysis of mRNA by Northern blots using these probes showed the presence of a single transcript (results not shown).
RESULTS
Haemoglobin synthesis Induced by spermine Table 1 shows that spermine induced haemoglobin production in a dose-dependent fashion in MEL cells, with the maximum Table 1 Effect of spermine on heemoglobin production In MEL edis detectable during the next 2 days (Figures 4a and 4b ). Intracellular spermine increased by 25 % on day 1 and decreased to initial levels thereafter (Figure 4c ). Cells treated continuously with spermine contained more spermine than controls throughout the experiment. The transfer of control cells to fresh medium 2 days after seeding boosted their polyamine levels. Levels of spermine were similar in spermine-treated cells transferred to fresh medium in the presence or absence of spermine and in spermine-treated cells that were not transferred. HMBA treatment quickly depleted putrescine in MEL cells (Figure 4a ). Spermidine levels also dropped, but remained significantly higher than levels reached in the presence ofspermine (Figure 4b ). After 2 days of exposure to HMBA, spermine levels were approx. 50 % of control (Figure 4c ).
Cell cycle

DISCUSSION
Our study of MEL cells shows that spermine induces benzidinepositivity in a dose-dependent fashion and increases the cellular content of RNA coding for /J-globin. Haemoglobin production began during the first day of spermine treatment, and was taking place in nearly 40 % of cells by day 2, when it began to level off. In contrast, after 2 Because the cell densities of control and spermine-treated cultures assayed at 4 days without dilution were high (i.e. at the Cells in each phase (%) plateau phase), the cell-cycle distributions were skewed towards G, phase ( [20, 30] . HMBA-induced differentiation is stimulated by a-difluoromethylornithine (an inhibitor of ornithine decarboxylase). This has been attributed to its ability to deplete spermidine [301. Our results suggest that spermidine depletion may also be involved in the induction of haemoglobin synthesis in MEL cells by spermine. Spermidine levels decreased in our HMBA-treated cells, and decreased even more abruptly in spermine-treated cells. Spermine increased the rapidity and the amplitude of the changes in intracellular spermidine that were associated with the induced differentiation. However, this resulted in slower and less profound haemoglobin induction than in HMBA-treated cells, and suggests that other mechanisms are involved. The pathways involved in MEL cell differentiation have been divided into two stages: events that lead to a commitment to cell differentiation before (early events) and after (late events) the cells undergo cycle arrest [1] . Events that occur before G1 arrest have been called 'early erythroid functions' [43] . These events include expression of ,J-globin mRNA and the appearance of haem-synthesis enzymes. 'Late erythroid functions' take place after the cells are arrested in G1 phase, and include the final synthesis of haemoglobin. Our observations document early events (fl-globin mRNA increase) and later functions as well (final synthesis of haemoglobin). However, cells treated with spermine did not exhibit the G1 arrest and the decrease in cell volume also associated with later functions. We speculate that spermine affects only haemoglobin synthesis, whereas terminal differentiation also requires regulation of many other processes. Spermine causes alterations of DNA conformation in vitro and of chromatin structure in vivo [38, 44, 45, 46] . Since gene expression is related to changes in chromatin conformation [47, 48] , a spermine-dependent change in chromatin structure could affect the transcriptional events that regulate the expression of genes controlling haemoglobin synthesis. 
